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ABSTRACT

We develop a methodology to analyze pedestrian-vehicular interactions in urban streets in a mixed
traffic environment, and then apply it to Bliss Street, an urban street in Beirut. Data on the street was
collected before and after a crosswalk was installed using videography, radar speed guns, and
manual counts. A pedestrian gap acceptance model indicated that installing the crosswalk did not
have any significant effect on the pedestrians’ sensitivity to waiting time, gap size, or the speed of
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the approaching vehicles. However, it caused reductions in the speed of approaching vehicles which
in turn encouraged pedestrians to accept shorter gaps. A micro-simulation model indicated that the
crosswalk would reduce the speed on the street slightly, with significant reductions observed if more
pedestrians who currently cross at midblock locations shift to use the crosswalk. The results of this
study can be used to test interventions for enhancing pedestrian safety in Lebanon, and are general-

izable to similar contexts in developing countries.

Introduction

Pedestrian safety is a critical concern for planners and engi-
neers in developed as well as developing countries.
Approaching this concern requires a thorough understanding
of the numerous factors affecting it, including urban planning
and design, law enforcement, driver and pedestrian behavior
and education, as well as pedestrian needs.

Pedestrian collisions often occur when pedestrians are try-
ing to navigate in an environment designed for motorized
traffic (Zegeer, Sandt, and Scully 2009). The World Health
Organization (WHO) report (Pedestrian Safety: A Road
Safety Manual for Decision-Makers and Practitioners, World
Health Organization 2013) indicates that there is a close asso-
ciation between the walking environment and pedestrian
safety. This report indicates that the risk of pedestrian injury
increases in environments that lack adequate infrastructure for
pedestrians, and where vehicles are allowed to travel at high
speeds. It also highlights the importance of driver and pedes-
trian compliance for pedestrian safety, such as pedestrian
understanding and compliance with traffic control devices,
motorist behavior at pedestrian crossings, and motorist com-
pliance with speed limits.

Although pedestrian-vehicular interactions have been stu-
died thoroughly in developed countries, the findings cannot be
generalized to developing countries due to the lack of adequate
infrastructure and the noncompliant and risky behavior of a
large fraction of pedestrians (Yannis, Papadimitriou, and
Theofilatos 2010). Thus, in these countries, informal and illegal
crossings result in conflicts occurring at midblock locations
(Cherry et al. 2010). In addition to the noncompliant behavior
of drivers and pedestrians, deficiencies in pedestrian facilities
such as crosswalks, sidewalks, and grade separations have been
identified as major problems in developing countries (Jiang
2012; Tulu et al. 2013; Yannis, Papadimitriou, and
Theofilatos 2010; etc.), where urban and transportation plan-
ning are mainly oriented toward motorized traffic.

In this study, we develop a methodology to analyze pedes-
trian-vehicular interactions in urban streets in a mixed envir-
onment, and then apply it to Bliss Street, an urban street
adjacent to the American University of Beirut (AUB). Data
on the street was collected before and after a crosswalk was
installed using videography, radar speed guns, and manual
counts. This data was used to model pedestrians’ gap accep-
tance and examine how the crossing maneuvers were under-
taken (whether a pedestrian waited for a suitable gap or forced
a crossing, thus delaying the traffic stream). Moreover, a
micro-simulation model was used in order to test the effect
of the crosswalk on vehicular speed and delay for a mixed
street environment similar to that of Bliss Street.

The results of this study can be used to explore and test
interventions for enhancing pedestrian safety in Lebanon, and
are generalizable to similar contexts in developing countries
characterized by mixed traffic conditions, inadequate infrastruc-
ture, minimal enforcement, and poor compliance with traffic
laws. This study thus contributes to better understanding of
pedestrian-vehicular interactions in developing countries.

The remainder of this paper is organized as follows. Section 2
presents a review of the relevant literature focusing on pedestrian
crossing level of service (LOS), pedestrian crossing facilities, and
modeling pedestrian crossing behavior. Section 3 describes the
study context, particularly walkability in Beirut and on Bliss
Street. Section 4 describes the data collection process and Section
5 describes the methodology. Section 6 presents the analysis
results, which are discussed in Section 7. Section 8 concludes the

paper.

Literature review

This section summarizes some of the studies which are most
relevant to this research. The first subsection focuses on the
pedestrian LOS. The second subsection focuses on studies that
considered the benefits associated with crossing facilities in terms
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of the perceived difficulty of crossing and accident risk. The third
subsection focuses on studies whereby pedestrian gap acceptance
behavior was modeled.

Pedestrian level of service

As per the HCM (2010), LOS is a qualitative indicator that
characterizes the operational and the perceived conditions of a
facility or service. The LOS is defined on the basis of quality of
service indicators that best describe the facility or service
operating conditions. The quantified LOS is designated by
one of six letters, starting with ‘A’ for the highest level of
quality and ‘F’ for the lowest level.

Extensive research has been performed in order to quantify
pedestrian LOS (for example, Khisty 1994; Lautso and Murole
1974; Sarkar 1993; etc.). Recently, some studies focused on
developing LOS frameworks for pedestrian crossings, either
at intersections (Muraleetharan et al. 2005) or at midblock
locations (Baltes and Chu 2002; and Chu and Baltes 2003).

Chu and Baltes (2003) developed a framework for quantify-
ing the LOS for urban midblock crossings. The authors con-
sidered that the LOS should mainly reflect crossing difficulty,
particularly in terms of pedestrian delays, crossing safety, and
crossing opportunities. The LOS framework included the per-
sonal characteristics of pedestrians (specifically age), traffic
flow characteristics (volumes, running speed, etc.), roadway
characteristics (crossing distance and the availability of restric-
tive/raised medians or nonrestrictive/painted medians, cross-
walks, or pedestrian signals), and control characteristics (signal
cycle length, spacing between nearby signalized intersections,
etc.). However, this LOS framework did not account for dif-
ferent crosswalk types. Baltes and Chu (2002) asked partici-
pants to rate the difficulty of crossing a road without actually
crossing it, and then regressed this perceived difficulty as a
function of the variables mentioned above. The results indi-
cated that the perceived difficulty of crossing was positively
related to age (whether an individual is above 65), traffic
volume, number of turning movements, running speed, cross-
ing width, width of painted median, cycle length, and signal
spacing. On the other hand, difficulty was negatively related to
the width of restrictive median, presence of a crosswalk, and
presence of a pedestrian signal.

In a similar study, Muraleetharan et al. (2005) developed a
stepwise multivariable regression model in order to quantify
crosswalks’ LOS for signalized and un-signalized intersections
in Sapporo, Japan. Pedestrians were asked to rate their per-
ceived difficulty/comfort with a specific crosswalk on a scale of
0 (extremely difficult to cross) to 10 (very comfortable to
cross). This perceived comfort was regressed against the geo-
metric, operational, and traffic characteristics of the cross-
walks. The results indicated that pedestrian delays and heavy
volumes of turning vehicles decrease the perceived comfort,
while wider spaces at corners, highly visible zebra crosswalks,
and separate bicycle paths contribute positively to the cross-
ing LOS.

In both of the above studies, the LOS was determined based
on pedestrians’ perceptions of crossing difficulty rather than
the observed pedestrian-vehicular interactions. While the pro-
posed methodologies may be used to determine the effect of
installing a zebra crosswalk on the LOS, they do not model the
resulting changes in drivers’ or pedestrians’ behavior. In

addition, these models cannot be generalizable to other con-
texts where crossing difficulty and law enforcement are per-
ceived differently by pedestrians.

Pedestrian crossing facilities

Several researchers were interested in comparing and evaluating
different types of crossing facilities and their benefits in terms of
crossing safety and convenience using observed data rather than
pedestrians’ perceptions. Several of these studies concluded that
the presence of a crossing facility reduces the likelihood of pedes-
trian accidents and fatalities.

Cafiso et al. (2010) developed a pedestrian risk index (PRI) as a
function of the vehicle’s time to collision, pedestrian’s time to
collision, and vehicle’s stopping time. The study was carried out
on a crossroad in Valencia, Spain. Video recording was used to
calibrate the PRI, which was then used to test the effect of traffic
calming techniques including poorly painted crosswalks, well-
painted crosswalks, speed humps, raised crosswalks, and a combi-
nation of humps and raised crosswalks. The results indicated that
repainting the zebra crosswalk did not show a significant reduction
of PRI values. The use of humps and raised crosswalks resulted in
significant improvements of PRI values, as the lowest values were
observed with raised crosswalks. However, the use of a hump
followed by a raised crosswalk did not provide additional benefits
compared to using only one of these techniques. Surprisingly, the
PRI values did not differ significantly between the ‘with pedestrian’
and ‘without pedestrian’ cases, which indicated that drivers did not
perceive the presence of a pedestrian waiting to cross.

Gaca and Mariusz (2013) analyzed the effects of other crossing
facilities (compared to zebra crosswalks) on pedestrian accidents
and fatalities in Poland. These facilities included refuge islands and
crosswalks with pedestrian push buttons. The authors analyzed the
statistical data of accidents in Poland, and calculated accident rates
for different crosswalk types. The likelihood of pedestrian fatalities
was calculated based on speed reduction values for each crosswalk
type using fatality risk functions. The results indicated that refuge
islands, pedestrian push buttons, and flashers cause a significant
decrease in pedestrian accident rates and fatalities compared to the
standard zebra crosswalks. Traffic signals appeared to be the most
effective measure in urbanized areas, while refuge islands were the
most effective in rural areas. The authors also indicated that the
usage of a crosswalk affects the likelihood of accidents since a
small number of pedestrians using certain pedestrian crossings
cause these crossings to be neglected by the drivers.

In a similar study, Shawky, Garib, and Al-Harthei (2013) inves-
tigated the effect of road and site characteristics on the severity of
pedestrian injuries and pedestrian fatalities in Abu Dhabi. They
reviewed the police traffic accident database (years 2007 to 2012),
which included different sets of data such as the pedestrian char-
acteristics, pedestrian behavior, site and road characteristics, and
other information. Pedestrian accidents were classified into slight
injury, medium injury, severe injury, and fatality. Accident severity
was positively related to the posted speed limit and the number of
lanes/road width. Additionally, the authors concluded that the pre-
sence of a crossing facility (e.g. zebra crosswalk) reduces the risk of
accidents of all severity levels, even when pedestrians cross outside
the crosswalk (compared to the case where a crosswalk facility is
not present).

The above studies used observed data rather than pedestrians’
perceptions to study the impacts of crossing facilities and road and



site characteristics mainly on accidents and fatalities. These stu-
dies, however, did not capture pedestrian-vehicular interactions in
specific contexts or the resulting impacts of crossing facilities on
drivers’ and pedestrians’ behavior.

Foster, Monsere, and Carlos (2014) examined the pedestrian and
driver behaviors at two enhanced midblock pedestrian crossings in
Portland, Oregon. The crossings were enhanced with rectangular
rapid flash beacons (RRFBs), a median refuge, and a Z-crossing.
The crossing maneuvers were recorded on video for a total of 351
pedestrian crossings. The study measured the driver behavior in
terms of the yielding behavior and avoidance maneuvers and the
pedestrian behavior in terms of activating the RRFBs, average delay,
and diverted crossings (away from the crosswalk). The study con-
firmed the findings of previous studies that the RRFB activation
increases the average driver yield rates for the studied sites, and that
the markings on the enhanced crossings encourage more pedes-
trians to use the crossing instead of other available paths.

Prajapati, Advani, and Parida (2016) proposed a methodology
to identify the most suitable road crossing infrastructure based on
gross delay to pedestrians and vehicles (total delay of pedestrians
and vehicle users). Gross delay value is considered an essential
parameter in the choice between several alternatives for a suitable
pedestrian crossing infrastructure. Videography was deployed in
this study to estimate the delay values at six locations in Delhi,
India. The delay values were estimated taking into consideration
the special conditions of the traffic in India. The estimated gross
delay values for the different alternatives of the pedestrian cross-
ings were examined to deduce the best option resulting in minimal
delay values. Different scenarios were tested, including equal and
higher priority for public transport and nonmotorized users.

One important takeaway from the studies reviewed in this
subsection is that similar facilities (e.g. zebra crosswalks) can
have different effects in different contexts or countries.

Modeling pedestrian behavior

Pedestrian crossing behavior has been modeled by researchers
using discrete choice models and regression analysis to identify
the important factors that shape this behavior. Understanding
these factors will help in formulating appropriate policies and
interventions where needed. In the following summary, we present
model characteristics and the major findings of the cited research.
Brewer et al. (2006) evaluated the gap acceptance behavior of
crossing pedestrians in seven states in the United States based on a
two-part analysis: behavioral analysis and statistical analysis. In the
behavioral analysis, the ‘rolling gap’ was identified for some of the
pedestrians who started crossing the street anticipating that lanes
would clear while they are crossing. In the statistical analysis, the
pedestrian crossing behavior was evaluated through a gap accep-
tance model using the logistic regression which provided the
probability of accepting gaps of certain length, with the gap size
being the independent variable. The intercept and the gap dura-
tion coefficients were estimated per location in the model. The 85"
percentile of the accepted gaps at 11 approaches was observed to
be between 5.3 and 9.4 s, with the accepted gap length increasing
with the crossing distance. The observed 85" percentile accepted
gaps were less than the critical gap as defined in the Manual on
Uniform Traffic Control Devices (MUTCD) for a walking speed of
1.1 m/s at the respective sites. In this study, the effects of different
types of crossing facilities could not be determined since observa-
tions were only recorded at crosswalks. In addition, no other
variables were used in the behavioral models besides gap size.
On the other hand, some studies used a wide array of explana-
tory variables in modeling pedestrian gap acceptance. Himanen

TRANSPORTATION LETTERS (&) 89

and Kulmala (1988) examined pedestrian and car driver behavior
on pedestrian crossings in Finland. The pedestrian choice of
whether to accept a gap or not and the driver choice to weave or
brake were modeled. The data was collected through a video
camera. The significant explanatory variables were: number of
pedestrians in the group, city size, vehicle speed, vehicle platoon
size, and pedestrian distance from curb. The study found that the
approaching vehicle speed is crucial in allowing for a safety margin
in the encounter between a pedestrian and a crossing vehicle.

Yannis, Papadimitriou, and Theofilatos (2010) also used video
data recording in Athens, Greece, and developed similar models.
However, the authors studied some additional variables. They
concluded that pedestrians accepted larger gaps when facing larger
vehicles, when they were accompanied, or when illegal parking
was present. Compared to females, males accepted larger gaps. The
binary logit (BL) model indicated that the traffic gap size had the
greatest effect on pedestrian gap acceptance. In addition, pedes-
trians were more likely to cross when the incoming vehicle was a
passenger car (as opposed to motorcycle, taxi, truck, and bus).
However, the presence or absence of a crossing facility was not
investigated in this study.

While the above studies focused on developed countries, other
studies have focused on pedestrian crossing behavior and gap
acceptance in developing countries. The explanatory variables used
in each of these studies reflect the specific context of the study.

Hamed (2001) examined the pedestrian crossing behavior in
Amman, Jordan. Four hundred pedestrians were monitored at 10
midblock pedestrian crossings in an urban setting, 350 of whom
agreed to fill out a research survey about their individual character-
istics and whether they were ever involved in a pedestrian accident.
Hamed used a risk function and a Poisson model in order to model
the pedestrian waiting time and the number of attempts, respec-
tively. The most significant predictors included sociodemographic
and situational characteristics such as gender, age, number of chil-
dren in household, crossing frequency, number of people in the
group attempting to cross, access to a private vehicle, destination,
home location in relation to pedestrian crossing, and pedestrian
past involvement in traffic accidents. The pedestrian expected wait-
ing time was a significant factor influencing the number of attempts
needed to successfully cross the street. This analysis did not con-
sider the presence of a crossing facility.

Raghuram Kadali and Vedagiri (2013) used videography at a
selected midblock location in India in order to measure and model
pedestrian gap acceptance. The authors developed two models: a
log-normal regression model representing the acceptable gap as a
function of observed variables, and a BL model modeling the
choice whether to accept a gap or not, based on these variables,
and the size of the gap. Some independent variables were signifi-
cant in both models, such as the vehicle speed, driver yield beha-
vior (whether drivers reduce their speed or change their vehicular
path when a pedestrian is already on the carriageway), and the
pedestrian rolling gap behavior (whether pedestrians start crossing
anticipating a gap when they reach the next lanes instead of wait-
ing for one large gap throughout all the lanes at the crossing
location). Other variables were significant in one of the two mod-
els, such as the frequency of attempt; frequency of disturbance
(number of times the vehicle moving on the paved shoulder
caused disturbance to the pedestrian), number of considered
gaps while crossing (assessing gaps for crossing), and age, which
were significant in the log-normal regression model, and the
vehicular gap size, which was significant in the BL model.

Pawar and Patil (2015) studied pedestrian crossing behavior
at midblock crossings with mixed traffic in Kolhapur and
Mumbai, India, using videography. They developed BL models
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to predict whether pedestrians would accept spatial and tem-
poral gaps in traffic. Significant variables for temporal gap
acceptance included the size of the gap, the type of conflicting
vehicle, and whether the pedestrian is crossing alone or in a
group. Significant variables for spatial gap acceptance included
the size of the gap, the speed of conflicting vehicle, the type of
conflicting vehicle, and whether the pedestrian is crossing alone
or in a group.

These studies, although insightful, do not measure the effects of
installing a crosswalk on pedestrian-vehicular interactions or pedes-
trian gap acceptance. In the current study, we utilize similar gap
acceptance models and micro-simulation in order to evaluate the
impacts of installing a zebra crosswalk on pedestrian gap acceptance
and on the average flow speed in Beirut, Lebanon, a developing country
with very limited research on pedestrian-vehicular interactions and
pedestrian and driver behavior.

In Table 1 below, we summarize the main features of the models
in the abovementioned papers, starting from the more recent papers.

Study context
Walkability in Beirut

Despite Beirut’s favorable atmosphere and topography (which is
mostly plain), travelers in the city rarely rely on active transport
modes such as walking and biking (Danaf, Abou-Zeid, and Kaysi
2014). In fact, Beirut is considered one of the most pedestrian-
unfriendly cities in the world (Myntti and Mabsout 2014). According
to Balaa (2014), this is caused by the excessive appropriation of side-
walks (by restaurants, shops, construction sites, parked vehicles, etc.);
mismanagement of the public domain, leading to the deterioration of
its quality; and the exclusion of the pedestrian from the vehicle-
oriented urban developments.

During the rapid urban development of Beirut and the sprawl of its
suburbs after the civil war, pedestrian amenities in the city such as
sidewalks, benches, and crosswalks have been ignored (and sometimes
eliminated) in order to accommodate parking spaces and wider streets
(Perry 2000). The absence of essential pedestrian facilities, in addition
to obstructions at sidewalks (including parked vehicles) and parking at
corners, all impacted the safety and attractiveness of being a pedestrian.
According to IBI Group, and TEAM (2009), the inconvenient and
unsafe walking environment affected not only the walking trips in
Beirut but also the attractiveness of public transport modes, resulting
in complete car dominance in the city.

Consequently, pedestrian facilities have been further neglected,
and pedestrians became unaware of their rights as vulnerable road
users (YASA, undated). With the decline of trips performed using
public transport and nonmotorized modes, the landscape in Beirut
has gradually changed in order to accommodate traffic flow and
parking (Perry, 2000).

Moreover, most of the laws pertaining to pedestrian-vehicular
interactions (e.g. pedestrian priority at crosswalks, use of pedestrian
bridges, etc.) are not enforced. This situation affected not only the
convenience and ease of pedestrian trips, but their safety as well. A
study by Choueiri, Choueiry, and Choueiri (2010) indicated that
pedestrians account for 25% of the total victims of traffic accidents in
Lebanon. The authors also attributed this high percentage to the
absence of sidewalks and pedestrian crossings and to the ignorance of
drivers.

The American University of Beirut and Bliss Street

This study focuses on Bliss Street, an urban street adjacent to the
AUB. AUB is a private university located in Ras Beirut and having

a total area of 250,000 m2. It overlooks the Mediterranean Sea on
one side and Bliss Street on the other. Bliss Street (shown in
Figure 1 below) is adjacent to three university gates (including
the Main Gate) from one side, and to restaurants, bookshops,
banks, and other amenities from the other. In the absence of
crosswalks and other crossing facilities, the frequent informal
pedestrian crossings put pedestrians at risk and cause disruptions
to traffic. Although on-street parking is charged, it is difficult to
find empty spots along this street. Therefore, and in the absence of
enforcement, illegal double parking is common along the street.
The speed limit on Bliss Street is 20 km/h but it is not enforced in
practice. Bliss Street has a carriageway width of 10 m, on average.
The carriageway is composed of 2.2 m for a parking lane and
7.8 m for two travel lanes, around 4 m each. The traffic on the
street is mainly composed of passenger cars and motorcycles,
which are heavily used in individual commute and food delivery
services. Few bicycles are also spotted in the traffic, mainly belong-
ing to biking enthusiasts among students and workers in the
region. Buses and minibuses that serve schools in the area con-
stitute a small portion of the traffic, and they are mainly spotted at
school start and end times. Trucks’ proportion is low, and it is
mainly composed of logistics and suppliers’ vehicles serving the
different businesses and shops in the region. There are no regular
public transit services on the street; however, jitney or shared-taxi
services are available through passenger cars that transport multi-
ple passengers per trip. Based on the conducted counts that are
detailed in Section 4.1, the crossing pedestrian volume on the
eastern section of Bliss Street (between Omar Bin Abdulaziz
Street and Jeanne d’Arc Street) is around 490 pedestrians/hour
in the afternoon period. As for the vehicular volume on the same
section, it is in the range of 900 vehicles/hour in the afternoon
period.

In a pilot survey carried out before this study and filled out by
30 AUB students, most of these students suggested installing a
crosswalk in front of the Main Gate (24 out of 30 students). On a
Likert scale of one to five (one being ‘not important at all’ and five
being ‘very important’), 13 students indicated that a crosswalk is
very important and nine students indicated that it is important,
while none of the 30 students considered the crosswalk as being
not important at all. Twenty-five respondents (83.3%) said they
would use a crosswalk if it were on their way, and respondents
indicated that on average, they are willing to walk an additional
distance of 31 m to use the crosswalk.

Throughout the later stages of data collection in this study, a
zebra crosswalk was installed in front of the AUB Main Gate. This
study considers a before-after analysis, whereby the effects of the
crosswalk on pedestrian behavior and pedestrian-vehicular inter-
actions are analyzed. Pedestrian and vehicular count data on Bliss
Street were collected as described below.

Data collection and sample description
Data collection

Pedestrian crossing behavior data was collected on Bliss Street on
weekdays from July 2014 to March 2015. Around the middle of the
data collection phase (November 2014), a zebra crosswalk was
installed facing the Main Gate with clustered cat’s eye studs at
6 m upstream of the crosswalk. The cat’s eye studs are raised
pavement markers on roads used as a retroreflective safety device.
Three types of data related to pedestrian crossings were recorded:
video data of pedestrian crossings, speeds of approaching vehicles,
and surveys of crossing pedestrians. Since the survey data turned
out not to be correlated with pedestrian crossing behavior, we do
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Figure 1. Bliss Street and the three university gates.

not describe it further in this paper. Data collection lasted from 60
to 90 min per session, and was conducted between 16:00 and 19:00
on weekdays. The flow of pedestrians and vehicles was moderate
throughout the sessions. The traffic conditions were neither con-
gested nor free-flow conditions. The average approaching vehicle
speed was around 17.3 km/h throughout all the sessions.

Pedestrian crossing and speed data

Videography was used to record pedestrian crossings at the Main
Gate, as shown in Figure 2 below. The surveyor was mostly
unnoticed by the crossing pedestrians as the surveyor was stand-
ing at the other side (e.g. right of the pedestrian) of where the
pedestrian would be looking for gaps (e.g. to the left); hence, it is
unlikely that pedestrians changed their behavior while being
recorded. Quantitative and qualitative variables were extracted
for each crossing event, such as the number of crossing attempts,
the waiting time, the gender of the crossing pedestrian, the type
of crossing behavior (either forcing a crossing or waiting for a
suitable gap to cross), and other factors. Specifically, the waiting
time of the pedestrian was measured from the moment when the
pedestrian arrived at the curbside and he/she was actively looking
for a gap to cross. The crossing type was then categorized as
‘Forced” or ‘Normal’ based on whether the crossing pedestrian
forced the approaching vehicle to yield or waited for a long
enough normal gap to cross. The number of crossing pedestrians
(and gender, if crossing alone) was then specified as crossing
alone or in a platoon, based on the close and synced movement

Medical
jws Center

of the crossing group. All the encountered gaps by the observed
pedestrian were measured (in seconds) from the moment when
the outgoing vehicle clears the crossing section in front of the
pedestrian till the moment when the incoming vehicle reaches
this section. The pedestrian behavior of attempting to cross and
the final decision were noted for each gap, whether accepted
or not.

The video data was recorded by a research assistant who
was simultaneously measuring the approaching vehicle speed
before each crossing attempt using a small radar speed gun
(pocket radar). The measured speed of the approaching vehicle
was recorded on the video by speaking it loud on the video
and estimating the distance from the pedestrian when spotting
its speed (in ranges of less than 5 m, between 5 and 10 m, and
more than 10 m). Although the video camera was operated by
a person and was not fixed, the video recording, data extrac-
tion, and data analysis were all conducted by the same person.
Thus, the video data was collected and processed in a relatively
consistent manner.

The accuracy level for the waiting time and gap duration
measurement was in the scale of a fraction of a second, as it
was measured using the video time bar. As for the crossing type,
each crossing episode was individually assessed based on an
easily observed criterion for classification: whether the pedestrian
forced the vehicle to slow down or not. As for the vehicle speed,
it was measured with a high accuracy level using a radar gun.
However, the separation distance between the vehicle and the

Figure 2. Study location on Bliss Street (the Main Gate appears to the left while multiple restaurants and commercial amenities are on the right).



observed pedestrian was estimated in ranges due to the impracti-
cality of specifying the exact distance at the moment of
observation.

Other count data

In addition to the pedestrian crossing behavior data, four other
types of data were also collected for the research: pedestrian
crossing count (whereby Bliss Street was divided into four sec-
tions and pedestrian crossings were counted on each of these
sections for 1 hour), vehicular count, double parking count, and
pickup/drop-off event count (near the Main Gate). The pedes-
trian crossing count and double parking count were conducted
on a section of Bliss Street extending from the intersection with
Omar Bin Abdulaziz Street (to the east) and Jeanne d’Arc Street
(to the west), as shown in Figure 1. As for the vehicular count, it
was conducted at the intersection between Bliss and Jeanne
d’Arc streets.

The pedestrian crossing count and vehicle count were con-
ducted after the video recording of the pedestrian crossing inci-
dents, due to the limited number of individuals collecting the
data. These counts were collected during 3 days of the data
collection period. The pedestrian flow was measured on four
consecutive segments of the studied street section, one of which
is an adjacent segment to the Main Gate of AUB, where the
pedestrian crossing behavior was recorded. The vehicular flow
in front of the Main Gate was deduced from the count at the
intersection with Jeanne d’Arc Street, as Bliss Street is of unidir-
ectional traffic. Both flow values were utilized in the micro-
simulation analysis of the street.

For the pedestrian flow, and as an average of the three counts,
it was equal to 488 pedestrians/hour (crossing in both directions)
for the whole study area (between the intersections with Abdulaziz
and Jeanne d’Arc streets), and 207 pedestrians/hour for the seg-
ment that is adjacent to the Main Gate. For the vehicular flow, it
was 884 vehicles/hour, as an average of the three conducted
vehicular counts.

Sample description

The average age in the sample was 20.5, with a standard deviation
of 3.4. Males constituted 53.3% of the sample, while females
constituted the remaining 46.7%. The final sample size (after
removing incomplete and inconsistent records) was 163 indivi-
duals. Out of those, 85 individuals were sampled before installing
the crosswalk, while 78 individuals were sampled after it was
installed.

Methodology

The purpose of the following analysis is to quantify the effects of
installing a crosswalk on an urban street in Beirut (considering the
case of Bliss Street) on vehicular traffic and pedestrian crossing
behavior. Specifically, we are interested in determining to what
extent this crosswalk will result in speed reductions, cause addi-
tional delays to traffic, and affect the gap acceptance behavior of
pedestrians.

In the first part of our analysis, we consider a before-after
descriptive analysis of the observed pedestrian behavior and
measured vehicular speed. In the second part, we develop a
micro-simulation model in order to quantify the effect of instal-
ling the crosswalk on traffic speed and delay along Bliss Street.
In the third part, we develop a gap acceptance model to quan-
tify the effect of installing a crosswalk on pedestrian crossing
behavior.
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Descriptive analysis

In the descriptive analysis, the differences in terms of speed of
approaching vehicles, gap duration, and waiting time before
crossing were investigated before and after installing the
crosswalk.

Micro-simulation analysis

The main purpose of doing micro-simulation was to assess the
effect of the crosswalk and pedestrian crossing behavior on speed
and delay of vehicles. Quadstone Paramics(Quadstone Paramics,
Pitney Bowes Software, The Smith Centre, The Fairmile, Henley-
on-Thames, Oxfordshire RG9 6AB) was used in order to model
Bliss Street (before and after installing the crosswalk). This soft-
ware package can simulate vehicular traffic and pedestrians, and
allows for implementing several scenarios such as parking and
double parking, pickups/drop-offs, breakdowns, etc.

The Paramics Pedestrian Module (PPM) differentiates among
three types of spaces:

(1) vehicle space: including road segments, intersections, and
parking lanes;

(2) agent space: including sidewalks and other pedestrian-only
facilities; and

(3) shared space: including formal and informal crossings. This
space can be used by both vehicles and pedestrians.

Shared space can be classified into ‘shared courtesy’ and ‘shared
aggressive’. In ‘shared courtesy’ spaces, pedestrians have priority
over vehicular traffic (as in the case of formal crosswalks). In
‘shared aggressive’ spaces, both pedestrians and vehicles will
compete over priority (as in the case of informal pedestrian
crossings).

The model was calibrated and validated based on pedestrian
counts, vehicular counts, and parking and double parking
events observed in summer 2014. Observed traffic counts at
Bliss Street and at the two adjacent intersections were used to
calibrate the O-D flows. The desired speed was based on the
average speed observed during free-flow conditions. The num-
ber and direction of crossing pedestrians were calibrated based
on the observed pedestrian counts. The average duration of
double parking was calibrated based on observed double park-
ing instances on Bliss Street. Default values were used for the
magnitude and angle of drivers’ vision; however, the aggressive
driving indicator was adjusted in order to obtain results that are
consistent with the observed pedestrian-vehicular interactions
(such as the average number of gaps before crossing, the aver-
age speed reduction, etc.). The model was then validated by
comparing the average speed at the Main Gate and in the
middle of Bliss Street to average speeds observed in data collec-
tion. Due to the limitations of the version of Paramics used in
this study, the waiting times of pedestrians could not be
validated.

Six scenarios were considered, as shown in Table 2. In the
without-crosswalk scenario, Bliss Street was modeled as a ‘shared
aggressive’ space, with four origin-destination pairs representing
the four sections used in data collection (manual pedestrian
counts). In the with-crosswalk scenarios, Bliss Street was modeled
as a ‘shared aggressive’ space, except for the section right in front
of the Main Gate (the crosswalk location), which was modeled as a
‘shared courtesy’ space.

Ten simulation runs were tested for each scenario, and a
different simulation seed was used in each run. Pedestrian-
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Table 2. Scenarios considered in micro-simulation.

Scenario Crossing facilities Crossing frequencies

Scenario 0 — Base Without any Observed pedestrian crossing

Case crosswalks counts
Scenario 1 With a crosswalk in Observed pedestrian crossing
front of the Main counts

Gate

With a crosswalk in
front of the Main
Gate

Scenarios 2-5 With a specified percentage of
pedestrians shifting from other
midblock locations along Bliss
Street to use the crosswalk at
the Main Gate (25%, 50%, 75%,
and 100% for scenarios 2, 3, 4,

and 5, respectively).

vehicular interactions were simulated for 1 h and 10 min, with the
first 10 min being the warm-up period. In order to replicate the
observed conditions on Bliss Street, the parking lane would
become occupied during the first few minutes of the warm-up
period, and most of the vehicles would use the adjacent lane for
illegal double parking afterwards. The average values of speed and
delay of all 15-min intervals in the 10 simulation runs were
recorded.

Modeling pedestrian behavior

A mathematical model was developed to model pedestrian gap
acceptance (modeling the critical gap as a function of observed
variables) and the type of crossing simultaneously. Specifically, we
differentiated between two types of crossing maneuvers: a normal
crossing (whereby a pedestrian accepts a gap without delaying the
approaching vehicle) and a forced crossing (whereby a pedestrian
forces the approaching vehicle to slow down or stop).

We assumed that a pedestrian will first evaluate whether a
normal crossing is possible. If not, the pedestrian will then evalu-
ate whether or not to force the crossing. The modeling framework
is represented in Figure 3. Ovals represent unobserved variables
while rectangles represent observed variables.

The probability of accepting a gap is modeled as the probability
of that gap being greater than the critical gap:

P(Accepting a Gap) = P(Gap>Gc) = P(In(Gap)> In(Gc))

(1)

where G¢ represents the value of the critical gap.

Assuming that the gaps follow a lognormal distribution, the
natural logarithm of the critical gap can be modeled as a function
of independent variables:

In(Ge) = XB+e )

where X represents a vector of independent variables, 8 represents
a vector of parameters to be estimated, and the error term
e~N(0, 02) where o? is its variance. Therefore, the probability
of accepting a gap can be represented as:

P(Accepting a Gap) = P(In(Gap)>XB+¢) = ¢ (M)

O

3)

where ¢ represents the cumulative distribution function of the
standard normal distribution.

The pedestrian will first evaluate whether a normal crossing is
possible, that is when the gap is greater than the critical gap for
normal crossing Gc—Normal:

P(Normal Crossing) = P(Gap> Gc—_Normal)
_ ¢ <1n(Gap) B X/"’Normul) (4)

O¢Normal

If a normal crossing cannot be executed, the pedestrian will assess
whether a crossing can be forced, by evaluating it against the
critical gap for forced crossing G¢_porceq- Therefore, the probability
of accepting a forced crossing can be represented as:

P(Accepting a Forced Crossing) = P(Gap > Gc—Forced)
In(Gap) — X,
_ ¢( n( “P) ﬂForced) (5)

O¢Forced

Since a forced crossing is evaluated after rejecting the normal gap,
the probability of a forced crossing can be represented as:

Gap at time t

Normal Crossing
Possible

A

Normal Crossing
Not Possible

Accept Normal
Crossing

Accept Forced
Crossing

Reject Gap and
Wait

Figure 3. Modeling framework for the pedestrian crossing model.
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P(Forced 1mu Crossing) = 1muP(Rejecting the normal gap) - 1muP(Accepting the forced gap)

(ot e (oo 26

Results
Initial findings

Considering that the data was collected during the same time of
the day (16:30-19:00) and in similar traffic conditions, installing
the crosswalk on Bliss Street reduced the speed of approaching
vehicles significantly (¢-statistic = 6.79) from 19.99 to 15.13 km/h,
as shown in Table 3 below. We believe that with the existence of
the crossing facility and the auxiliary devices (stop signs,
studs, barriers), it is unlikely that the drivers would return to
higher speed levels after they get used to the crosswalk. However,
longer data collection periods are needed to confirm this
observation.

In addition, a reduction in the average pedestrian waiting
time at the sidewalk was observed from 3.19 (before installing
the crosswalk) to 2.02 s (after it was installed). The results were
significant at the 95% level of confidence (t-statistic = 2.63).
These test statistics were adjusted to account for the oversam-
pling of forced crossings compared to normal crossings in some
sessions. The weights were calculated based on the data col-
lected in sessions where oversampling was not adopted. The
means and standard deviations of these samples were corrected
for oversampling. The finding that pedestrians’ waiting time
decreases is in line with that of Havard and Willis (2012),
who observed that pedestrians waited for significantly less
time to cross (reduction from 1.34 to 0.22 s) after installing a
marked zebra crossing at a single case study location in
Edinburgh, United Kingdom.

On the other hand, no significant differences were observed in
terms of the average gap duration and the average accepted gap
duration, mainly because the average gap duration is only gov-
erned by the flow of vehicles on Bliss Street.

Impacts on traffic operation (micro-simulation results)

The micro-simulation results indicated that the crosswalk will
increase the average delay per vehicle (calculated as the difference
between the free-flow travel time along a predefined section of the
street and the simulated travel time) on Bliss Street by 1.11 s (25.26
to 26.37 s), considering the observed pedestrian counts. However,
this is not significant at the 95% level of confidence.

On the other hand, the micro-simulation results indicated
that vehicular speed only decreased by less than 0.4 km/h from
20.4 km/h to 20 km/h. The drop in vehicular speed is signifi-
cantly less than that observed in the field data collection
because the speed is measured along the whole street in the

Table 3. Observed differences in average gap duration, speed, and waiting time
(numbers in parentheses represent standard deviations).

Accepted Speed of Average gap
gap dura-  Waiting  approaching  duration (all
tion time vehicles gaps, in
Scenario (seconds)  (seconds) (km/h) seconds)
Without crosswalk 452 (1.59) 3.19 (3.08) 19.99 (7.03) 343 (1.52)
With crosswalk 419 (0.9) 2.02(1.97) 15.13 (3.47) 3.20 (1.36)
Sample size 139 individuals 257 gaps

micro-simulation model (over a distance of 270 m between
Abdulaziz and Jeanne d’Arc streets), while in the field data
(instantaneous) speed is recorded just before the crosswalk.

However, as more pedestrians shift to use the crosswalk from other
midblock locations along Bliss Street, vehicular delays increase, as
shown in Figure 4. If all pedestrians shift to use the crosswalk, an
additional 8-s delay would be expected, as the average speed would
drop to 17.6 km/h.

Impacts on pedestrian behavior

The pedestrian crossing model was estimated in Python Biogeme
(Python Biogeme: the developer is Prof. Michel Bierlaire, from the
Ecole Polytechnique Fédérale de Lausanne, Switzerland)(Bierlaire and
Fetiarison 2009) using maximum likelihood. The usable sample con-
sisted of 257 gaps, 147 of which were accepted. Out of the 147 accepted
gaps, 87 were forced, while the remaining 60 were classified as normal
accepted gaps. The results of the model estimation are shown in
Table 4, where the dependent variable is the natural logarithm of the
critical gap and the independent variables are shown in the table
separately for normal crossing and forced crossing.

Moreover, two other models were estimated for two subsam-
ples representing the data collected before installing the cross-
walk and that collected after it was installed. The estimation
results of these two models are presented in Table 5. These
models were compared based on the log-likelihood test in order
to test whether the crosswalk had a significant effect on pedes-
trian behavior, by testing the null hypothesis that all parameter
estimates are equal in both models. The results of this analysis
are presented in Table 6.

The results indicate that the null hypothesis cannot be
rejected, and therefore, no significant differences in crossing
behavior are observed with or without the crosswalk. Note
that in the combined model, a scale effect was also tested
whereby all coefficients for observations with a crosswalk were
multiplied by a scale parameter, but this scale parameter was
not significantly different from 1, so it was then excluded from
the estimation.

Discussion

While pedestrian-vehicular interactions have been studied thor-
oughly in developed countries, the literature on pedestrian crash
risk in developing countries reveals wide gaps in knowledge and
understanding (Tulu et al. 2013). Most of the studies in these
countries indicate that pedestrian behavior is characterized by
risky and noncompliant behavior (Serag 2014; Tulu et al. 2013).
The risks associated with walking in developing countries have
been also associated with several factors (education, enforcement,
etc.). However, the lack of adequate infrastructure in developing
countries was identified as a main contributor to the considerable
safety gap between these countries and developed countries (Jiang
2012; Tulu et al. 2013; Yannis, Papadimitriou, and Theofilatos
2010; etc.).

This study considered the case of an urban street in Beirut
(Bliss Street) before and after installing a crosswalk. The findings
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Figure 4. Effects on vehicular delays along Bliss Street.

indicated that installing this crosswalk resulted in significant
reductions in approaching vehicle speed and pedestrian waiting
time. With similar prevailing traffic conditions, the measured
decrease in vehicular speed indicates that the presence of this
crosswalk was well perceived by drivers. On the other hand, the
observed decrease in pedestrian waiting times might be more
difficult to interpret because of two possible explanations.

One possible explanation might be that the crosswalk was also
perceived by pedestrians as a safe crossing facility, and therefore it
affected their sensitivities to speed, waiting time, and gap size while
crossing. For example, pedestrians might have accepted shorter gaps
after the crosswalk was installed. Another possible explanation would
be that installing the crosswalk had only an indirect effect on pedes-
trian behavior. This crosswalk might have reduced the speed of
approaching vehicles, and therefore, pedestrians felt more comforta-
ble in accepting shorter gaps. In order to test these hypotheses, a
pedestrian gap acceptance model was developed.

Modeling pedestrian crossing behavior

The gap acceptance model was developed in order to quantify the
effects of installing the crosswalk on pedestrians’ crossing beha-
vior. This model indicated that the critical gap depends on the
cumulative waiting time on the sidewalk, the speed of the
approaching vehicle, and the gender of the pedestrian.

The constant of normal crossing was greater than that of forced
crossing, indicating that normal crossings are longer than forced
crossings. This differentiation between normal and forced crossing
is similar to that made by Choudhury (2007) for vehicular gap
acceptance. This differentiation seems to be adequate in the con-
text of Beirut, where pedestrians often force crossings in midblock
locations, delaying the traffic stream.

The waiting time had a negative coefficient in both models,
which implies that as pedestrians wait more on the sidewalk, they
become more likely to accept shorter gaps. While Yannis,
Papadimitriou, and Theofilatos (2010) found a counterintuitive

Table 4. Model estimation results.

effect of waiting time on pedestrians’ decision to cross (whereby
pedestrians will be less likely to cross as they wait for a longer
time), this study found an opposite effect.

Speed had a positive coefficient in the equation of forced cross-
ing, which indicates that pedestrians will accept a larger gap when
the speed of the approaching vehicle increases. The effect of speed
on pedestrian crossing behavior has been demonstrated by several
studies (Hamed 2001; Himanen and Kulmala 1988; Raghuram
Kadali and Vedagiri 2013; Serag 2014; Yannis, Papadimitriou,
and Theofilatos 2010; etc.). Finally, the gender coefficient had a
negative sign, indicating that males were more likely to accept
shorter gaps in a forced crossing.

Other factors such as the safety perceptions of Bliss Street,
attitudes toward walking and walking habits in general, and
whether the pedestrian is accompanied were not significant in
the estimated models. The latter is inconsistent with the find-
ings of previous research that found a significant effect of the
number of pedestrians in a group (or whether a pedestrian is
accompanied or not) on the crossing behavior (Hamed 2001;
Himanen and Kulmala 1988; Yannis, Papadimitriou, and
Theofilatos 2010).

Surprisingly, the presence of a crosswalk did not have any
significant effect on pedestrian behavior in the equation of normal
crossing and in the equation of forced crossing. This was also
validated by the log-likelihood tests, which indicated that no sig-
nificant differences were observed between the two models for the
with-crosswalk and without-crosswalk samples. While a research
study conducted by Sosiopiku and Akin (2003) found that a
proper crossing facility can encourage pedestrians to cross in the
United States, this effect was not directly observed in Beirut, where
pedestrians’ sensitivities to the different variables did not change.

Vehicular speeds and delays

Some pedestrian safety measures may increase vehicle travel
time and have a negative impact on motor vehicle LOS
(Zegeer, Sandt, and Scully 2009). Therefore, it is necessary to
evaluate the impacts of installing the crosswalk on vehicular
delays, especially in a vehicle-oriented environment.

As expected, the crosswalk on Bliss Street increased the delays
for vehicular traffic and reduced the waiting times for pedes-
trians. Even though significant speed reductions were observed
in the section just before the crosswalk, the micro-simulation
model indicated that the additional delays along the whole street
were very minimal (approximately 1 s). On the other hand, the
majority of the delays (defined as the difference between the free-
flow travel time and the simulated travel time) were caused by
parking and double parking rather than pedestrian-vehicular
interactions.

Parameter/variable Parameter estimate Robust standard error Robust t-test p-value
Normal crossing model
Constant 1.680 0.0613 27.36 <.00001
Waiting time (seconds) —0.0553 0.0156 -3.55 0.000458
Standard deviation of error term 0.366 0.0592 6.18 <.00001
Forced crossing model
Constant 0.622 0.143 434 0.000021
Speed of the approaching vehicle (km/h) 0.0375 0.00950 3.94 0.000105
Waiting time (seconds) —-0.0377 0.0169 -2.23 0.026615
Gender (1 for males, 0 for females) -0.239 0.0727 -3.28 0.001182
Standard deviation of error term 0.243 0.0294 8.24 <.00001

Note: This model was not estimable when an agent/panel effect was used.



Table 5. Estimation results for the two sub-models.
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Without crosswalk

With crosswalk

Parameter/variable Parameter estimate Robust standard error

Robust t-test Parameter estimate Robust standard error Robust t-test

Normal crossing model

Constant 1.70 0.0859
Waiting time (seconds) —0.0669 0.0178
Standard deviation of error 0.347 0.0918
term
Forced crossing model
Constant 0.412 0.230
Speed of the approaching 0.0490 0.0148
vehicle (km/h)
Waiting time (seconds) —0.0498 0.0226
Gender (1 for males, 0 for -0.190 0.121
females)
Standard deviation of error 0.259 0.0484
term

19.79 1.66 0.0899 18.41
-3.76 —0.0426 0.0267 -1.59
3.78 0.389 0.0652 5.96
1.79 1.13 0.242 4.68
332 0.00330 0.0165 0.20
-2.21 -0.0279 0.0208 -1.34
-157 —-0.287 0.0917 -3.13
5.35 0.189 0.0275 6.88

Table 6. Log-likelihood test for the three models.

Combined model  Without crosswalk ~ With crosswalk
257 122 135
—144.89 —67.43 —73.44
= —2 (—144.89 + 67.43 + 73.44) = 8.05< x*(5,095)

Sample size
Final log-likelihood
Test statistic

However, the micro-simulation model indicated that the delays
would increase as the number of pedestrians shifting to the cross-
walk increases (i.e. pedestrians that were crossing at other loca-
tions on Bliss Street). These results indicate that the installation of
a crosswalk will have a significant effect on pedestrian waiting
times and safety, with relatively small additional delays to vehicu-
lar traffic.

Impacts of installing a crosswalk

The results obtained from the gap acceptance model indicated that
installing the crosswalk did not have any direct effect on pedestrian
sensitivities to the gap duration, waiting time, or speed. This indicates
that if everything else is held constant (gap duration, waiting time,
and speed), a pedestrian would not be more (or less) likely to accept
shorter gaps in the two cases with and without a crosswalk.

However, the crosswalk caused speed reductions just before
the Main Gate (according to the observed data and the micro-
simulation model), which in turn encouraged pedestrians to accept
shorter gaps (as indicated by the gap acceptance model). Therefore,
the presence of a crosswalk might not have been perceived by
pedestrians as a safe crossing facility, but resulted in favorable
effects in terms of safety and pedestrian waiting times.

On the other hand, driver perception of the crosswalk has to
be studied further. Particularly, it should be determined
whether drivers slowed down because they perceived the cross-
walk as a space where pedestrians had priority, or merely
because of the cat’s eye studs. If the speed reduction could
only be attributed to rumble strips, then installing traffic calm-
ing measures, such as speed humps, rumble strips, and cat’s
eyes, would be recommended before crossing facilities. This
would be consistent with the findings of Cafiso et al. (2010),
who concluded that these measures reduce the PRI developed
for pedestrian crossings.

Study limitations and future extensions

This study considered a relatively small sample, consisting of data
related to 163 pedestrians. Some of the variables that did not turn

out to be significant in our sample might have been more statis-
tically significant if a larger sample were used.

In addition, the data collection focused mainly on AUB
students, a group which is relatively homogeneous in terms
of age distribution, education level, and sociodemographic
characteristics. Therefore, this sample might not be very repre-
sentative of the population of Beirut or the Lebanese popula-
tion in general. Future research should consider a more
diverse sample whereby the effects of other variables can be
studied. Data collection was also limited to one crosswalk
location; the results are therefore indicative and can be verified
using data from other locations in Beirut (using before-after
studies in locations where crosswalks are to be installed) in
order to analyze different types of crosswalks, and conclude
whether the crossing facility itself or the traffic calming mea-
sures caused the vehicular speed reductions.

In order to study the effects of installing the crosswalk on
drivers, the current study has been extended (Obeid et al. 2017)
using a driving simulator experiment, whereby Bliss Street was
replicated and the effects of different variables on driving behavior
were tested (e.g. presence of a crosswalk, traffic calming measures,
number of crossing pedestrians, signage, etc.). It was found that
curbside parking, number of pedestrians crossing, and the driver’s
approach velocity had significant influence on the driver’s yielding
behavior to pedestrians at crosswalks.

Conclusion

In addition to improving the walking environment, pedestrian
safety measures contribute to wurban renewal, economic
growth, and social cohesion. However, the implementation of
these measures requires commitment and informed decision-
making by the government, industry, nongovernmental orga-
nizations, and international organizations (World Health
Organization 2013). Particularly, these stakeholders need to
know how drivers and pedestrians will perceive these measures
and react to them.

This study compared pedestrian-vehicular interactions in an
urban street in Beirut before and after a crosswalk was installed.
Videography, radar speed guns, and manual counts were used to
collect data along the street. Mathematical modeling was used to
study the effects of installing a crosswalk on pedestrian behavior.
Micro-simulation was used to assess the impacts of this crosswalk
on pedestrian-vehicular interactions. The results indicated that
installing the crosswalk resulted in significant reductions in
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vehicular speed (in the section before the crosswalk) and pedes-
trian waiting times.

However, after representing pedestrian behavior crossing in a
mathematical model, we concluded that installing the crosswalk
did not have a direct effect on pedestrian behavior in terms of their
sensitivity to speed, waiting time, and gap duration. The crosswalk
only reduced the speed of approaching vehicles, which in turn
encouraged pedestrians to accept shorter gaps.

This highlights the importance of education for both dri-
vers and pedestrians as a long-term measure in order to
establish crosswalks as spaces where pedestrians have priority
over vehicular traffic, as well as the importance of using traffic
calming measures with crosswalks and crossing facilities as
short-term interventions. For policy-makers, this case can be
an example for providing more pedestrian-friendly streets with
enhanced safety as low speed levels result in reduced road
hazards in terms of frequency and severity. This example can
be implemented elsewhere in the city where collision levels are
worrying.
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